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Abstract
Background/Objectives: Maternal pre-pregnancy overweight/obesity and gestational diabetes (GDM) are
associated with increased fat deposition in adult offspring. The purpose of this study was to identify if maternal pre-
pregnancy overweight (body mass index (BMI) ≥ 25 kg/m2) or GDM are associated with dietary quality or intake in
adult offspring.
Subjects/Methods: Participants (n= 882) from two longitudinal cohort studies (ESTER Maternal Pregnancy Disorders
Study and the Arvo Ylppö Longitudinal Study) completed a validated food-frequency questionnaire at a mean age of
24.2 years (SD 1.3). Diet quality was evaluated by a Recommended Finnish Diet Index (RDI). The study sample
included offspring of normoglycaemic mothers with pre-pregnancy overweight/obesity (ONO= 155), offspring of
mothers with GDM regardless of BMI (OGDM= 190) and offspring of mothers with normal weight and no GDM
(controls; n= 537).
Results: Among men, daily energy and macronutrient intakes were similar in ONO and controls. However, after
adjusting for current offspring characteristics, including BMI, daily carbohydrate intake relative to total energy intake
was higher in ONO-men [2.2 percentages of total energy intake (95% confidence interval 0.4, 4.0)]. In ONO-women,
macronutrient intakes relative to total energy intake were similar with controls, while total daily energy intake
seemed lower [−587.2 kJ/day (−1192.0, 4.4)]. After adjusting for confounders, this difference was attenuated.
Adherence to a healthy diet, as measured by RDI, was similar in ONO and controls [mean difference: men 0.40 (−0.38,
1.18); women 0.25 (−0.50, 1.00)]. In OGDM vs. controls, total energy and macronutrient intakes were similar for
both men and women. Also adherence to a healthy diet was similar [RDI: men 0.09 (−0.62, 0.80); women −0.17
(−0.93, 0.59)].
Conclusions: Our study suggested higher daily carbohydrate intake in male offspring exposed to maternal pre-
pregnancy overweight/obesity, compared with controls. Prenatal exposure to GDM was not associated with adult
offspring dietary intakes.
Introduction
Obesity, officially recognized as a disease by the World
Health Organization (WHO)1, is preventable. Yet, over-
weight (body mass index, BMI ≥ 25 kg/m2) and obesity
(BMI ≥ 30 kg/m2) affect two billion people globally2. In
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2016 39% of all adults worldwide were overweight and
13% were obese2. The cumulative effect of obesity,
extending from childhood and adolescence to midlife,
increases the likelihood of complications and death rela-
ted to diabetes3, cardiovascular disease4 and cancer5.
Obesity is a multifactorial condition, influenced by
genes, lifestyle and environmental factors. Approximately
40–70% of variation in obesity is attributed to genetic
factors6–10. Of lifestyle factors, high physical activity, fit-
ness and low sedentary behavior have all been shown to
modify the extent of how known obesity gene variants
affect BMI11. Further, excess energy intake, socio-
economic factors and educational status, feminine gender
and environmental factors are also known to be associated
with overweight and obesity12.
In addition to genes and current environment, over-
weight and obesity are affected by prenatal environment.
For example, prenatal exposure to a hyperglycaemic
environment often caused by maternal overweight/obesity
during pregnancy or gestational diabetes (GDM) changes
growth trajectories and homeostatic regulatory mechan-
isms, potentially predisposing the fetus to epigenetic
changes13. Such changes may cause an increased risk of
next generation overweight/obesity through fetal pro-
gramming. Previous studies have linked high maternal
pre-pregnancy BMI to unfavorable offspring body com-
position in infancy14, childhood15, adolescence16, young17
and late adulthood18. Also offspring to mothers with
GDM show unfavorable body composition by adoles-
cence19 and extending into adulthood17. Then again,
maternal pre-pregnancy healthy lifestyle characterized
by normal weight, physical activity, a healthy diet and
avoiding smoking is associated with 75% lower risk of
offspring obesity in childhood through early adulthood20.
Some of these associations may be explained by genetic or
lifestyle factors shared by family members, while, in part,
these findings may represent causal programming effects.
Moreover, previous studies suggest that an unhealthy
diet especially in people with obesity or diabetes may
affect their epigenome, and consequently disease patho-
genesis21–23. In addition, the impact of an unhealthy diet
on non-communicable disease morbidity and mortality is
extensive; 11 million deaths (10 million cardiovascular, 0.9
million cancer and 0.3 million type 2 diabetes) and 255
million disability-adjusted life-years globally in 2017 were
attributable to dietary risk factors24. One possibility is that
the association between prenatal environment and off-
spring overweight and obesity is mediated through pre-
natal programming of food intake.
We assessed habitual diet by a validated food-frequency
questionnaire (FFQ) in young adult offspring born to
mothers with pre-pregnancy overweight/obesity or GDM
and controls, not exposed to these maternal pregnancy
conditions. We hypothesized that offspring exposure to
maternal pre-pregnancy overweight/obesity or GDM
predicts unhealthy offspring dietary intake as observed in
adult age.
Materials/subjects and methods
Study population
The study participants come from two prospective birth
cohorts (Fig. 1): the ESTER Maternal Pregnancy Disorders
Study25,26 and the Arvo Ylppö Longitudinal Study
(AYLS)27,28. The ESTER Study consists of two arms
(Fig. 1): (1) ESTER Preterm Birth25 and (2) ESTER
Maternal Pregnancy Disorders arms. The present study
includes participants from the latter arm. All ESTER study
participants were born in the two northernmost provinces
of Finland. Those born in 1985–1986 were recruited from
the Northern Finland Birth Cohort 1986 (ref. 26) and
those born in 1987–1989 through the Finnish Medical
Birth Register25. We selected all participants who were
confirmed to have maternal GDM (n= 157), regardless of
the mother’s pre-pregnancy BMI. Among ESTER parti-
cipants originally invited as controls, participants were
stratified into two groups: (1) offspring born at term to
mothers with pre-pregnancy BMI ≥ 25 kg/m2 and no
GDM (n= 46) and (2) the control group constituted the
remaining controls, all with maternal pre-pregnancy BMI
< 25 kg/m2 and no GDM (n= 277).
All AYLS participants were born in the province of
Uusimaa, in Southern Finland between 1985 and 1986
(Fig. 1). This cohort consists of all live-born infants
admitted to neonatal wards in obstetric units, or trans-
ferred to the neonatal intensive care unit of the Children’s
Hospital, Helsinki University Central Hospital within
10 days of their birth. This cohort population ranges from
severely ill preterm infants to infants born at term,
requiring only brief inpatient observation, and their con-
trols27,28. From the AYLS cohort we selected all partici-
pants who were (1) exposed to maternal GDM at any
maternal BMI (n= 37), (2) those who had maternal
BMI ≥ 25 kg/m2 and no GDM (n= 109) and (3) controls
(i.e. originally recruited as controls, maternal BMI < 25 kg/
m2 and no GDM; n= 260).
Perinatal data were collected from healthcare records
and questionnaires. Length of gestation, maternal GDM,
hypertension (gestational or chronic) and pre-eclampsia
(including superimposed) diagnoses were independently
confirmed according to prevailing criteria by reviewing
original hospital records19,29. Maternal GDM was
screened for and diagnosed by a 2-h oral glucose tolerance
test (OGTT) in maternal welfare clinics between 26 and
28 gestational weeks. Indications for screening were gly-
cosuria, prior GDM, suspected fetal macrosomia, previous
macrosomic infant (birth weight >4500 g), maternal pre-
pregnancy BMI ≥ 25 kg/m2 and maternal age ≥40 years.
The OGTT was performed after overnight fasting by
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using a 75-g oral glucose load. At the time of diagnosis in
the 1980s, the following cut-off points for GDM were
used for venous blood glucose: >5.5 mmol/l at fasting,
>11.0 and >8.0 mmol/l, 1 and 2 h after the glucose load,
respectively. According to prevailing national guidelines, a
diagnosis of GDM required a minimum of one abnormal
value in the OGTT19. For comparison, the International
Association of Diabetes and Pregnancy Study Groups
(IADPSG) Consensus Panel diagnostic criteria used today
are set at fasting plasma glucose ≥5.1 mmol/l, and ≥10.0
and ≥8.5 mmol/l following a 75-g oral glucose load30.
Offspring to mothers with type 1 (n= 28) or 2 diabetes
(n= 1) were excluded from all analyses. We further
excluded participants who were pregnant (n= 9) during
the clinical examination, reported having cerebral palsy
(n= 8), mental disability (n= 11) or severe physical dis-
ability (n= 5), as these conditions might affect the mea-
sured outcomes. All ESTER and AYLS cohort participants
who completed the FFQ were categorized into three
groups: (1) offspring of mothers with GDM (OGDM) at
any level of maternal BMI, (2) offspring of normogly-
caemic mothers with pre-pregnancy overweight/obesity
(ONO) and (3) controls, i.e. offspring of mothers with
pre-pregnancy BMI < 25 kg/m2 and no GDM. As a result,
882 subjects were included in the analyses; OGDM
n= 190, ONO n= 155 and controls n= 537 (Fig. 1).
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Fig. 1 Study population. Flow chart of the study population, including participants from two birth cohort studies.
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Ethics
This study protocol was performed in accordance with
the Declaration of Helsinki. The ethics committees of the
University of Oulu, Helsinki City Maternity Hospital,
Helsinki University Central Hospital, Jorvi Hospital and
Northern Ostrobothnia Hospital District, and the Coor-
dinating Ethics Committee of the Helsinki and Uusimaa
Hospital District approved this study. All study partici-
pants provided written informed consent. Because of
individual participant consent, these data are not freely
available. Investigators requesting data access are asked to
contact the corresponding author. Requests may be sub-
ject to ethics review or participant consent, or both.
Data collection
Clinical examinations including questionnaires and
measures were conducted in 2009–2011 for ESTER par-
ticipants and in 2009–2012 for AYLS participants. Ques-
tionnaires about smoking, current medications, medical
history and health status were completed by the partici-
pants. Highest parental education was recorded and
categorized into four levels (dummy coded as basic, sec-
ondary, lower- and upper-level tertiary) to serve as an
indicator of childhood socioeconomic status. Participants
were measured without socks and shoes, wearing light
clothes. Height was measured three times with a portable
stadiometer. Weight was measured with an electronic
scale. BMI was calculated as weight (kg) divided by height
(m) squared. Waist circumference (midway between the
lowest rib and the iliac crest) was measured twice with
means of the results used in the analyses. Height and waist
circumference were measured to the nearest 0.1 cm and
weight to the nearest 0.1 kg.
Assessment of dietary intake and diet quality
Habitual diet was assessed using a validated, semi-
quantitative FFQ31, including 131 commonly consumed
food and beverage items. The FFQ was designed to cover
diet over the preceding 12 months. Participants were
asked to complete the FFQ at the study site, and it was
subsequently reviewed by a trained study nurse. Partici-
pants indicated frequency of consuming each food item
with nine categories ranging from “never or seldom” to
“six or more times daily”. Portion size was fixed separately
for men and women, using natural units if applicable (e.g.
slice, glass).
We calculated average daily energy, macronutrient and
food intakes using a Finnish food composition database,
Fineli®32. Total energy intake is expressed in kJ/day, while
macronutrient intakes are shown as percentages of total
energy intake (E%).
For assessment of diet quality we calculated the
Recommended Finnish Diet Index (RDI)33. The RDI is
based on Finnish nutrition recommendations34 and it
summarizes information on the following dietary factors:
average daily consumption of fruits and berries; vegetables;
rye; salt; sucrose; alcohol; ratio of white meat to red and
processed meat; ratio of polyunsaturated fatty acids to
saturated fatty acids and trans-fatty acids. The RDI score
was calculated according to quartiles of consumption of
each dietary component by adding the sum of points given
(0 or 1 for alcohol and 0–3 for the remaining compo-
nents). Regarding the ratio of white meat to red and
processed meat vegetarians were given 3 points. A max-
imum score of 22 includes all measured RDI components,
and when excluding alcohol consumption the maximum
RDI score is 21, with higher score indicating healthier diet.
Statistical analysis
Statistical analyses were performed using IBM SPSS
Statistics versions 25 and 26 (IBM Corp., Armonk, NY).
Analyses were conducted using a combined data set of the
two birth cohorts (ESTER and AYLS). We compared
population characteristics between participants by mean
values, using T-tests (continuous variables) and χ2-tests
(categorical variables). Variation within groups is descri-
bed by SDs and the power of sample size is indicated by
confidence intervals.
Before performing any statistical analyses, we log-
transformed [ln (x+ 1)] intakes of rye, fruits and vege-
tables, as these data were not normally distributed.
Therefore, all mean differences in these food intakes are
reported as back-transformed percentages.
We used linear regression models to compare macro-
nutrient and diet intake between adult offspring of mothers
with pre-pregnancy overweight/obesity or GDM with con-
trols. In analyses comparing total energy and macronutrient
intakes, we adjusted for age and cohort in model 1. In model
2 we included prenatal and parental confounders: age,
cohort, parental education, birth weight SD score, gesta-
tional age, maternal smoking during pregnancy, maternal
hypertension during pregnancy and pre-eclampsia. In model
3 we further considered participant-related factors: BMI,
smoking and living at parental home were added to the
covariates of model 2. In all analyses comparing RDI and its
components, total energy intake was additionally included in
models 1–3. Results are shown as mean differences (95%
CIs) and presented separately for men and women.
Sensitivity analyses to account for underreporting
The FFQ is a validated method for estimating dietary
intake31,35,36. However, people tend to misreport or pro-
vide inaccurate estimates of their food consump-
tion31,37,38. Sex, age, educational level, smoking, area of
living, weight status and desire for weight change are all
factors known to correlate with underreporting31,37,38.
Based on the Goldberg cut-off value (≤1.14), for the ratio
of reported energy intake to basal metabolic rate39, we
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therefore estimated the proportion of underreporting. To
explore whether our results were affected by under-
reporting, we reran all analyses comparing ONO and
OGDM groups with controls after excluding the under-
reporting participants. Further, including all participants,
we additionally adjusted for underreporting in models
1–3 and then reran all analyses.
Results
The study sample included 882 participants (51%
women) (Fig. 1) whose perinatal and current characteristics
are presented in Table 1. Mothers with GDM or pre-
pregnancy overweight/obesity had higher BMIs at start of
pregnancy, they more often presented with hypertension
and their offspring was born large for gestational age more
often, while their duration of pregnancy was shorter than in
controls. In addition, OGDM had higher birth weights and
more siblings, while ONO were more often born preterm
or small for gestational age, compared with controls. ONO
and OGDM participants had higher BMIs and waist cir-
cumferences than the controls and OGDM participants
lived more often with their parents. Parental educational
attainment and weight gain during pregnancy were highest
in the control group. We reran all analyses after excluding
twins (n 12); this did not change our results (data not
shown). We also performed subanalyses, additionally
adjusting for maternal gestational weight gain in models 2
and 3. This did not change our results (data not shown).
Dietary intake in offspring to normoglycaemic mothers
with pre-pregnancy overweight (ONO-participants)
Macronutrient data are presented in Tables 1 (unad-
justed) and 2 (adjusted). Among ONO-men, daily energy
and macronutrient intakes were similar to controls
(Tables 1 and 2). However, after adjusting for confounders
and current offspring characteristics (model 3, including
age, cohort, parental education, perinatal factors, partici-
pant BMI, smoking, and living at parental home), daily
carbohydrate intake was 2.2E% (95% CI: 0.4, 4.0) higher in
ONO-men compared with controls (Table 2).
In ONO-women, daily energy intake was lower in model
1, although adjusting for confounders and current off-
spring characteristics attenuated this difference (Table 2).
All macronutrient intakes were similar between ONO-
women and controls.
RDI and consumption of its components are shown in
Tables 3 and 4. Both adherence to the recommended diet
and intakes of its components were similar for ONO and
control participants.
Dietary intake in offspring to mothers with gestational
diabetes (OGDM participants)
In both men and women, macronutrient intakes were
similar in OGDM and control participants (Tables 1 and 2).
Also adherence to the recommended diet and its compo-
nents were similar in OGDM and controls (Tables 3 and 4).
Sensitivity analyses excluding the under-reporters
When stratified by group, 49.7% of ONO, 41.6% of
OGDM and 35.4% of controls were underreporting
(n= 346) based on the Goldberg cut-off value (≤1.14)39.
In ONO (both men and women) and OGDM-women,
energy intake was not different compared with controls,
while OGDM-men had higher energy intake [model 1:
1342 kJ/day (125, 2559, p 0.031)] than controls. This dif-
ference attenuated after adjusting for confounders in
models 2 and 3.
Compared with controls, daily carbohydrate intake
was higher in both ONO-men [model 1: 2.1E% (0.0, 4.1;
p 0.047)] and ONO-women [model 1: 3.2E% (1.0, 5.4;
p 0.006)], while fat intake was lower [model 1: men −1.6E%
(−3.2, 0.1; p 0.058), women −3.0E% (−4.8, −1.2; p 0.001)].
No differences were seen in intakes of sucrose, protein
or alcohol between ONO and controls.
Adherence to the recommended diet was similar between
groups. However, in comparisons regarding the compo-
nents of the RDI, ONO consumed more fruits [men: 44.4%
(2.5, 103.4; p 0.036), women: 42.8% (6.1, 92.1; p 0.019)]. In
ONO-men, this difference attenuated after further adjust-
ments in models 2 and 3. Furthermore, intake of vegetables
was higher in ONO-women compared with controls (model
1: 12.6% (−9.0, 39.1; p 0.270), model 2: 28.8% (2.8, 61.3;
p 0.028), model 3: 27.1 (1.0, 59.9; p 0.041)].
Compared with controls, OGDM-participants had similar
macronutrient intakes and adherence to the recommended
diet. Also comparisons regarding the components of the
RDI were similar between OGDM and control groups.
Including all study participants (n= 882), we also reran
our analyses (models 1–3) with additionally adjusting for
underreporting. In ONO-men vs. controls, daily carbohy-
drate intake was significantly higher [1.6E% (95% CI 0.0, 3.3;
p 0.049)]. This difference increased somewhat after full
adjustment in model 3 [2.3E% (95% CI 0.5, 4.1; p 0.011)].
Otherwise all our results remained similar for ONO and
OGDM vs. controls when adjusting for underreporting.
Discussion
With data combined from two birth cohorts, we asses-
sed food and nutrient intakes in the adult offspring to
mothers with overweight/obesity at the start of pregnancy
or GDM during the index pregnancy. While our study was
adequately powered, we found few differences between
the groups. The main difference was that men whose
mothers had pre-pregnancy overweight/obesity had as
adults higher daily carbohydrate intake than control men.
When accounting for underreporting, women whose
mothers had pre-pregnancy overweight/obesity had lower
fat intake and higher carbohydrate intake, with higher
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Table 1 Participant characteristics of adult offspring exposed to maternal gestational diabetes (regardless of maternal
body mass index), maternal pre-pregnancy obesity or overweight without gestational diabetes, and their controls, i.e.
offspring of normoglycaemic mothers with normal pre-pregnancy weight.
Characteristics Maternal gestational diabetes
(n= 190)
Maternal pre-pregnancy obesity or
overweighta, no gestational diabetes
(n= 155)
Controls
(n= 537)
Birth/perinatal characteristics
Maternal body mass index before pregnancy, mean (SD), kg/m2 25.0 (5.5)† 28.0 (3.0)† 21.2 (1.9)
Maternal weight gain during pregnancy, mean (SD), kg 11.8 (5.4)† 13.3 (5.5)* 14.1 (4.3)
Maternal body mass index ≥25 kg/m2 before pregnancy, n (%) 72 (37.9) 155 (100.0) NA
Maternal body mass index ≥30 kg/m2 before pregnancy, n (%) 29 (15.3) 27 (17.4) NA
Maternal multiparity, n (%) 130 (68.4)† 86 (55.5) 329 (61.3)
Twin pregnancy, n (%) 2 (1.1) 2 (1.3) 8 (1.5)
Maternal hypertension, n (%) 39 (20.5)† 45 (29.0)† 48 (8.9)
Maternal pre-eclampsia, n (%) 12 (6.3) 8 (5.2) 17 (3.2)
Maternal smoking during pregnancy, n (%) 22 (11.6) 32 (20.6) 87 (16.2)
Birth weight, mean (SD), g 3696 (603)** 3463 (876) 3538 (465)
Birth weight SD score, mean (SD) 0.55 (1.2)† 0.10 (1.4) −0.04 (0.9)
Gestational age, mean (SD), weeks 39.0 (1.6)† 39.1 (2.9)* 39.9 (1.4)
Born preterm, n (%)b 18 (9.5) 27 (17.4)** 18 (3.4)
Small for gestational age, n (%) 1 (0.5) 15 (9.7)† 8 (1.5)
Large for gestational age, n (%) 25 (13.2)† 11 (7.1)* 10 (1.9)
Men, n (%) 104 (54.7) 75 (48.4) 252 (46.9)
Current characteristics
Age, mean (SD), years 23.4 (1.4)† 24.8 (1.1)† 24.4 (1.3)
Daily smoking, n (%) 55 (28.9) 52 (33.5) 139 (25.8)
Body mass index, mean (SD), kg/m2
Men 25.7 (4.7)** 26.5 (4.9)† 24.0 (3.6)
Women 24.3 (4.4)* 24.7 (4.6)** 23.1 (4.3)
Body mass index ≥25 kg/m2, n (%) 80 (42.1)** 75 (48.4)† 155 (28.9)
Body mass index ≥30 kg/m2, n (%) 25 (13.2)* 22 (14.2)* 39 (7.3)
Height, mean (SD), cm
Men 178.8 (6.7) 180.2 (7.0) 178.9 (7.0)
Women 165.9 (6.3) 164.8 (6.4) 165.2 (6.3)
Waist circumference, mean (SD), cm
Men 88.1 (12.2)** 90.7 (12.4)† 84.1 (9.0)
Women 79.2 (10.8)** 80.1 (11.1)** 75.7 (9.8)
Currently living at parental home, n (%) 32 (16.8)** 11 (7.1) 43 (8.0)
Parental education, n (%) † **
Basic 29 (15.3) 21 (13.5) 29 (5.4)
Secondary 100 (52.6) 80 (51.6) 266 (49.5)
Lower-level tertiary 15 (7.9) 19 (12.3) 64 (11.9)
Upper-level tertiary 44 (23.2) 28 (18.1) 165 (30.7)
Macronutrient intake
Total energy intake, mean (SD), kJ/day
Men 11056 (5256) 10290 (3732) 10703 (3624)
Women 7716 (2375) 7381 (2084) 7952 (2403)
Carbohydrate, mean (SD), E%
Men 43.9 (6.6) 45.7 (6.5) 44.4 (6.1)
Women 46.2 (6.9) 47.3 (7.5) 47.2 (6.9)
Sucrose, mean (SD), E%
Men 8.6 (3.3) 9.5 (3.7) 8.9 (3.5)
Women 10.4 (3.7) 10.4 (3.4) 11.0 (4.4)
Fat, mean (SD), E%
Men 34.3 (4.8) 32.7 (4.3) 33.9 (4.9)
Women 33.5 (5.3) 32.8 (6.2) 33.0 (5.6)
Protein, mean (SD), E%
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Table 1 continued
Characteristics Maternal gestational diabetes
(n= 190)
Maternal pre-pregnancy obesity or
overweighta, no gestational diabetes
(n= 155)
Controls
(n= 537)
Men 19.1 (3.3) 18.5 (3.5) 18.6 (3.1)
Women 18.6 (2.5)* 17.7 (2.5) 18.0 (2.6)
Alcohol, mean (SD), E%
Men 2.7 (3.5) 3.1 (3.1) 3.1 (3.2)
Women 1.7 (2.6) 2.1 (2.6) 1.9 (2.5)
Recommended Diet Index
Men 11.5 (2.6) 12.0 (2.6) 11.5 (3.0)
Women 11.4 (2.8) 11.7 (2.8) 11.4 (3.0)
E% percent of total energy intake.
*p value <0.05; **p value <0.01.
†p value <0.001 (T-test for continuous and χ2 test for categorical variables, comparing offspring exposed to maternal gestational diabetes or maternal pre-pregnancy
overweight/obesity with controls. All remaining p values are >0.05).
aPre-pregnancy body mass index ≥25 kg/m2.
bGestational age <37 weeks.
Table 2 Macronutrient intake of young adults exposed to maternal gestational diabetes (regardless of maternal body
mass index) or maternal pre-pregnancy overweight or obesity without gestational diabetes, compared with controls, i.e.
offspring to normoglycaemic mothers with normal pre-pregnancy weight.
Maternal gestational diabetes (n= 190) Maternal pre-pregnancy overweight or obesity,
no gestational diabetes (n= 155)
Men Women Men Women
Mean difference 95% CI Mean difference 95% CI Mean difference 95% CI Mean difference 95% CI
Energy (kJ/day)
Model 1 309 −697, 1315 −183 −804, 438 −511 −1475, 454 −598 −1192, −4*
Model 2 341 −779, 1460 −174 −848, 500 −637 −1696, 421 −656 −1319, 8
Model 3 213 −924, 1350 −68 753, 618 −819 −1907, 269 −583 −1254, 88
Carbohydrate (E%)
Model 1 −0.7 −2.2, 0.8 −1.3 −3.1, 0.5 1.5 −0.1, 3.1 0.4 −1.4, 2.2
Model 2 −0.6 −2.3, 1.1 −1.4 −3.3, 0.6 1.1 −0.7, 2.9 0.7 −1.3, 2.7
Model 3 −0.4 −2.0, 1.3 −1.1 −3.1, 0.8 2.2 0.4, 4.0* 0.8 −1.1, 2.8
Sucrose (E%)
Model 1 −0.2 −1.0, 0.6 −0.2 −1.3, 0.9 0.6 −0.3, 1.5 −0.7 −1.8, 0.3
Model 2 −0.1 −1.0, 0.8 0.0 −1.1, 1.2 0.5 −0.5, 1.6 −0.3 −1.5, 0.8
Model 3 0.1 −0.8, 1.0 0.1 −1.1, 1.3 0.9 −0.1, 2.0 −0.3 −1.5, 0.9
Fat (E%)
Model 1 0.2 −0.9, 1.4 0.5 −0.9, 2.0 −1.0 −2.2, 0.3 −0.3 −1.7, 1.2
Model 2 0.4 −1.0, 1.7 1.0 −0.5, 2.6 −0.6 −2.0, 0.7 −0.4 −2.1, 1.2
Model 3 0.3 −1.0, 1.6 0.9 −0.7, 2.5 −1.1 −2.5, 0.3 −0.4 −2.0, 1.3
Protein (E%)
Model 1 0.1 −0.6, 0.7 0.6 −0.1, 1.2 −0.1 −1.0, 0.7 −0.2 −0.8, 0.5
Model 2 −0.1 −0.9, 0.7 0.6 −0.1, 1.3 −0.2 −1.1, 0.7 −0.2 −0.9, 0.5
Model 3 −0.4 −1.2, 0.5 0.6 −0.1, 1.3 −0.6 −1.5, 0.3 −0.3 −1.0, 0.4
Alcohol (E%)
Model 1 0.3 −0.4, 1.1 0.2 −0.5, 0.8 −0.4 −1.2, 0.4 0.1 −0.6, 0.7
Model 2 0.3 −0.5, 1.2 −0.3 −0.9, 0.4 −0.2 −1.2, 0.7 −0.1 −0.8, 0.6
Model 3 0.4 −0.4, 1.3 −0.4 −1.0, 0.3 −0.5 −1.5, 0.4 −0.1 −0.8, 0.6
E% percent of total energy intake.
Linear regression models adjusted as follows:
Model 1: adjusted for age and cohort.
Model 2: adjusted in addition for parental education, birth weight SD score, gestational age, maternal smoking during pregnancy, maternal hypertension during
pregnancy and pre-eclampsia.
Model 3: adjusted in addition for offspring BMI, smoking and living at parental home.
*p value <0.05.
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consumption of fruits and vegetables. As for offspring of
mothers with GDM, daily energy and macronutrient
intakes and dietary habits were similar with controls.
An unhealthy diet is one of many underlying causes of
overweight and obesity. In this study we evaluated asso-
ciations of maternal pre-pregnancy overweight/obesity
and GDM on adult offspring diet, a novel approach as
data on this subject are scarce. Our finding of higher daily
carbohydrate intake in the adult male offspring exposed to
maternal pre-pregnancy overweight/obesity is note-
worthy, as carbohydrates increase blood glucose levels,
stimulating insulin release and accumulating fat tissue
especially if consumed in high amounts.
What we see in our findings is a photo at a certain
moment. The higher daily intake of carbohydrates in ONO-
men vs controls is not necessarily explained by maternal
pre-pregnancy BMI. Our finding of higher daily intake of
carbohydrates in ONO-men reached statistical significance
only when we accounted for current participant-related
factors, including participant BMI, smoking and living at
parental home. Similarly, among women exposed to
maternal pre-pregnancy overweight/obesity, daily carbo-
hydrate intake was higher when underreporting was
accounted for. However, when we accounted for under-
reporting, these women had higher intakes of fruits and
vegetables, implying that at least a part of the consumed
carbohydrates were other than simple carbohydrates. Fruits
and vegetables constitute an important element of a healthy
diet. Almost 3% of total mortality in the world is attribu-
table to low intake of fruits and vegetables, and in high-
income countries low intake of fruits and vegetables is
ranked as the seventh leading risk factor for mortality
by WHO40.
Accumulating evidence supports an impact of the
intrauterine environment in the origins of offspring obe-
sity. Studies have linked prenatal exposure to both high
maternal pre-pregnancy BMI and GDM with an unfa-
vorable body composition in the offspring14–19. Therefore
our finding of lower daily fat intake, especially in ONO-
women, is positive, as food fat content and quality, energy
density and added sugars are all factors to be emphasized
when evaluating food and nutrient intake.
There are several examples showing that pre- or peri-
natal environment predict later dietary habits41. In adults
born preterm, lower consumption of vegetables and fruits
have been observed42. Also among children born at term,
an inverse association between fat intake and birth weight
has been described43,44. Shultis et al. reported inverse
associations between birth weight and fat, saturated fat,
and protein intake and a positive association between
birth weight and carbohydrate intake (all adjusted for
energy intake), in early childhood, much of this was
explained by confounding factors44. These associations
were no longer present at 7 years of age44. Similarly, in
another study with term-born adults, aged 56–70 years,
those born with smaller birth size had higher intake of fat
and lower intake of carbohydrates45. These data suggest
that intrauterine growth may modify food intake later in
life. In a sense low birth weight or preterm birth, both
related to fetal/infant undernutrition, represent opposite
exposures than maternal GDM or pre-pregnancy over-
weight/obesity, which are generally associated with over
nutrition. Higher intake of carbohydrates (ONO vs con-
trols) and fruits and vegetable (ONO-women vs controls)
could represent the “other end of the spectrum”.
Although the excess intake of carbohydrates could be, at
least in part, responsible for the greater weight in the
ONO group, this does not seem to be the case in the
OGDM group. Our finding of higher intakes of carbo-
hydrates in ONO is contrary to observations in other
models of early life origins of obesity such as that of
children with low birth weight45.
Table 3 Recommended diet intake index of young adults exposed to maternal gestational diabetes (regardless of
maternal body mass index) or maternal pre-pregnancy overweight or obesity without gestational diabetes, compared
with controls, i.e. offspring to normoglycaemic mothers with normal pre-pregnancy weight.
Maternal gestational diabetes (n= 190) Maternal pre-pregnancy overweight or obesity,
no gestational diabetes (n= 155)
Men Women Men Women
Mean difference 95% CI Mean difference 95% CI Mean difference 95% CI Mean difference 95% CI
Recommended Diet Indexa
Model 1 0.09 −0.62, 0.80 −0.17 −0.93, 0.59 0.40 −0.38, 1.18 0.25 −0.50, 1.00
Model 2 −0.14 −0.91, 0.64 −0.12 −0.94, 0.70 0.29 −0.57, 1.14 0.23 −0.60, 1.06
Model 3 −0.03 −0.81, 0.75 −0.14 −0.96, 0.68 0.47 −0.41, 1.35 0.08 −0.76, 0.92
Linear regression models adjusted as follows:
Model 1: adjusted for age, cohort and total energy intake.
Model 2: adjusted in addition for parental education, birth weight SD score, gestational age, maternal smoking during pregnancy, maternal hypertension during
pregnancy and pre-eclampsia.
Model 3: adjusted in addition for offspring BMI and smoking, and living at parental home.
aMaximum score 21 (alcohol intake not included), with higher score indicating a healthier diet.
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Strengths and limitations of the study
Combining data from two birth cohorts provided a
reasonable sample size and we were able to adjust for
important confounders, including current participant
characteristics and perinatal factors.
All methods assessing habitual diet have weaknesses.
We used a validated, self-report FFQ for estimating
dietary intake31,35,36. The FFQ was filled in by partici-
pants at our study site and reviewed by a trained nurse. A
known limitation of all self-report methods estimating
dietary intake, including the FFQ, is that people tend to
underestimate foods considered unhealthy and over-
estimate those that regarded healthy31. High dietary
consciousness is known to bias reported food intake in
dietary surveys38. A larger proportion of underreporting
in the ONO group is consistent with this. Under-
reporting is especially effected by sex, age and BMI35–38,
all factors we accounted for in our analyses. To further
minimize the effects of underreporting on our results, we
accounted for underreporting by state of the art meth-
ods. This marginally strengthened our findings, although
most results remained unchanged. While our study had
adequate power to confirm or exclude moderate or large
differences, we will not be able to exclude small differ-
ences between groups.
Variables that might influence habitual diet include
eating disorders, physical activity and sedentary lifestyle.
These factors we were unavailable to account for in
our study.
Main findings
Our findings indicate that young adults who were
exposed to maternal overweight, obesity or GDM in utero
have largely similar nutrient indices and health diet pat-
terns than those not exposed. However, men exposed to
maternal overweight/obesity had higher daily carbohy-
drate intakes in the Finnish population studied.
Author details
1National Institute for Health and Welfare, Helsinki, Oulu, Finland. 2PEDEGO
Research Unit (Research Unit for Pediatrics, Dermatology, Clinical Genetics,
Obstetrics and Gynecology), Medical Research Center Oulu (MRC Oulu), Oulu
University Hospital and University of Oulu, Oulu, Finland. 3Research Center for
Child Psychiatry, University of Turku, Turku, Finland. 4INVEST Research Flagship,
University of Turku, Turku, Finland. 5Department of Public Health, University of
Helsinki, Helsinki, Finland. 6Department of Psychology and Logopedics,
University of Helsinki, Helsinki, Finland. 7Children’s Hospital, Pediatric Research
Center, University of Helsinki and Helsinki University Hospital, Helsinki, Finland.
8Department of Psychology, University of Warwick, Warwick, UK. 9Department
of Epidemiology and Biostatistics, MRC–PHE Centre for Environment & Health,
School of Public Health, Imperial College London, London, UK. 10Center for Life
Course Health Research, Faculty of Medicine, University of Oulu, Oulu, Finland.
11Biocenter Oulu, University of Oulu, Oulu, Finland. 12Unit of Primary Care, Oulu
University Hospital, Oulu, Finland. 13Department of General Practice and
Primary Health Care, University of Helsinki and Helsinki University Hospital,
Helsinki, Finland. 14Folkhälsan Research Center, Helsinki, Finland. 15Department
of Obstetrics and Gynecology, National University Singapore, Yong Loo Lin
School of Medicine, Singapore, Singapore. 16Singapore Institute for Clinical
Sciences, Agency for Science, Technology and Research (A*STAR), Singapore,
Singapore. 17Department of Clinical and Molecular Medicine, Norwegian
University of Science and Technology, Trondheim, Norway
Conflict of interest
The authors declare that they have no conflict of interest.
Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Received: 18 March 2020 Accepted: 13 July 2020
References
1. WHO. Obesity: Preventing and Managing the Global Epidemic. Report of a WHO
consultation. World Health Organ Tech. Rep. Ser. 894, i-253 (2000).
2. Obesity and overweight [Internet] [updated 16 February]. https://www.who.
int/news-room/fact-sheets/detail/obesity-and-overweight (2018).
3. Twig, G. et al. BMI at age 17 years and diabetes mortality in midlife: a
nationwide cohort of 2.3 million adolescents. Diabetes Care 39, 1996–2003
(2016).
4. Twig, G. et al. Body-mass index in 2.3 million adolescents and cardiovascular
death in adulthood. N. Engl. J. Med. 374, 2430–2440 (2016).
5. World Cancer Research Fund. Diet, Nutrition, Physical Activity and Cancer: a
Global Perspective, The Third Expert Report (World Cancer Research Fund, 2018).
6. Bouchard, C. Gene-environment interactions in the etiology of obesity:
defining the fundamentals. Obesity 16, S5–S10 (2008).
7. Huang, T., Hu, F. B. Gene-environment interactions and obesity: recent
developments and future directions. BMC Med. Genomics. 8, (2015).
8. Maes, H. H., Neale, M. C. & Eaves, L. J. Genetic and environmental factors in
relative body weight and human adiposity. Behav. Genet. 27, 325–351 (1997).
9. Manolio, T. A. et al. Finding the missing heritability of complex diseases. Nature
461, 747–753 (2009).
10. Eichler, E. E. et al. Missing heritability and strategies for finding the underlying
causes of complex disease. Nat. Rev. Genet. 11, 446–450 (2010).
11. Celis-Morales, C. A. et al. Do physical activity, commuting mode, cardior-
espiratory fitness and sedentary behaviours modify the genetic predisposition
to higher BMI? Findings from a UK Biobank study. Int. J. Obes. 43, 1526–1538
(2019).
12. Loring, B. & Robertson, A. Obesity and Inequities. Guidance for Addressing
Inequities in Overweight and Obesity (World Health Organization, Copenhagen,
Denmark, 2014).
13. van Dijk, S. J., Molloy, P. L., Varinli, H., Morrison, J. L. & Muhlhausler, B. S.,
Members of EpiSCOPE. Epigenetics and human obesity. Int J. Obes. 39, 85–97
(2015).
14. Starling, A. P. et al. Associations of maternal BMI and gestational weight gain
with neonatal adiposity in the Healthy Start study. Am. J. Clin. Nutr. 101,
302–309 (2015).
15. Castillo, H., Santos, I. S. & Matijasevich, A. Relationship between maternal pre-
pregnancy body mass index, gestational weight gain and childhood fatness at
6-7 years by air displacement plethysmography. Matern. Child Nutr. 11,
606–617 (2015).
16. Pirkola, J. et al. Risks of overweight and abdominal obesity at age 16
years associated with prenatal exposures to maternal prepregnancy
overweight and gestational diabetes mellitus. Diabetes Care. 33,
1115–1121 (2010).
17. Kaseva, N. et al. Pre-pregnancy overweight or obesity and gestational
diabetes as predictors of body composition in offspring twenty years
later: evidence from two birth cohort studies. Int J. Obes. 42, 872–879
(2018).
18. Eriksson, J. G., Sandboge, S., Salonen, M., Kajantie, E. & Osmond, C. Maternal
weight in pregnancy and offspring body composition in late adulthood:
findings from the Helsinki Birth Cohort Study (HBCS). Ann. Med. 47, 94–99
(2015).
19. Vääräsmäki, M. et al. Adolescent manifestations of metabolic syndrome
among children born to women with gestational diabetes in a general-
population birth cohort. Am. J. Epidemiol. 169, 1209–1215 (2009).
Kaseva et al. Nutrition and Diabetes           (2020) 10:26 Page 11 of 12
Nutrition and Diabetes
20. Dhana, K. et al. Lifestyle of women before pregnancy and the risk of offspring
obesity during childhood through early adulthood. Int. J. Obes. 42, 1275–1284
(2018).
21. Ling, C. & Rönn, T. Epigenetics in human obesity and type 2 diabetes. Cell
Metab. 29, 1028–1044 (2019).
22. Brøns, C. et al. Deoxyribonucleic acid methylation and gene expression of
PPARGC1A in human muscle is influenced by high-fat overfeeding in a birth-
weight-dependent manner. J. Clin. Endocrinol. Metab. 95, 3048–3056 (2010).
23. Hjort, L. et al. 36 h fasting of young men influences adipose tissue DNA
methylation of LEP and ADIPOQ in a birth weight-dependent manner. Clin.
Epigenet. 9, 40, https://doi.org/10.1186/s13148-017-0340-8 (2017).
24. GBD 2017 Diet Collaborators. Health effects of dietary risks in 195 countries,
1990-2017: a systematic analysis for the Global Burden of Disease Study 2017.
Lancet 393, 1958–1972 (2019).
25. Sipola-Leppänen, M. et al. Cardiometabolic risk factors in young adults who
were born preterm. Am. J. Epidemiol. 181, 861–873 (2015).
26. Järvelin, M. R., Hartikainen-Sorri, A. L. & Rantakallio, P. Labour induction policy in
hospitals of different levels of specialisation. Br. J. Obstet. Gynaecol. 100,
310–315 (1993).
27. Heinonen, K. et al. Prenatal and postnatal growth and cognitive abilities at
56 months of age: a longitudinal study of infants born at term. Pediatrics 121,
1325 (2008).
28. Wolke, D., Sohne, B., Riegel, K., Ohrt, B. & Osterlund, K. An epidemiologic
longitudinal study of sleeping problems and feeding experience of preterm
and term children in southern Finland: comparison with a southern German
population sample. J. Pediatr. 133, 224–231 (1998).
29. Miettola, S. et al. Offspring’s blood pressure and metabolic phenotype after
exposure to gestational hypertension in utero. Eur. J. Epidemiol. 28, 87–98
(2013).
30. International Association of Diabetes and Pregnancy Study Groups Consensus
Panel, Metzger, B. E. et al. International association of diabetes and pregnancy
study groups recommendations on the diagnosis and classification of
hyperglycemia in pregnancy. Diabetes Care. 33, 676–682 (2010).
31. Männistö, S., Virtanen, M., Mikkonen, T. & Pietinen, P. Reproducibility and
validity of a food frequency questionnaire in a case-control study on breast
cancer. J. Clin. Epidemiol. 49, 401–409 (1996).
32. Reinivuo, H., Hirvonen, T., Ovaskainen, M. L., Korhonen, T. & Valsta, L. M. Dietary
survey methodology of FINDIET 2007 with a risk assessment perspective.
Public Health Nutr. 13, 915–919 (2010).
33. Kanerva, N. et al. A diet following Finnish nutrition recommendations does not
contribute to the current epidemic of obesity. Public Health Nutr. 16, 786–794
(2013).
34. Finnish Nutrition Recommendations [Internet]. https://www.ruokavirasto.fi/
globalassets/teemat/terveytta-edistava-ruokavalio/kuluttaja-ja-ammattilais
materiaali/julkaisut/ravitsemussuositukset_2014_fi_web_versio_5.pdf (2014).
35. Paalanen, L. et al. Validity of a food frequency questionnaire varied by age and
body mass index. J. Clin. Epidemiol. 59, 994–1001 (2006).
36. Kaartinen, N. E. et al. Relative validity of a FFQ in measuring carbohydrate
fractions, dietary glycaemic index and load: exploring the effects of subject
characteristics. Br. J. Nutr. 107, 1367–1375 (2012).
37. Johansson, G., Wikman, Å., Åhrén, A., Hallmans, G. & Johansson, I. Under-
reporting of energy intake in repeated 24-hour recalls related to gender,
age, weight status, day of interview, educational level, reported food
intake, smoking habits and area of living. Public Health Nutr. 4, 919–927
(2001).
38. Johansson, L., Solvoll, K., Bjørneboe, G. E. & Drevon, C. A. Under- and over-
reporting of energy intake related to weight status and lifestyle in a nation-
wide sample. Am. J. Clin. Nutr. 68, 266–274 (1998).
39. Goldberg, G. R. et al. Critical evaluation of energy intake data using funda-
mental principles of energy physiology: 1. Derivation of cut-off limits to
identify under-recording. Eur. J. Clin. Nutr. 45, 569–581 (1991).
40. World Health Organization. Global Health Risks: Mortality and Burden of Disease
Attributable to Selected Major Risks. WHO Library Cataloguing-in-Publication
Data (World Health Organization, Geneva, 2009).
41. Portella, A. K. et al. Effects of in utero conditions on adult feeding preferences.
J. Dev. Origins Health Dis., Available on CJO https://doi.org/10.1017/
S2040174412000062 (2012).
42. Kaseva, N. et al. Diet and nutrient intake in young adults born preterm at very
low birth weight. J. Pediatr. 163, 43–48 (2013).
43. Stafford, M. & Lucas, A. Possible association between low birth weight and
later heart disease needs to be investigated further. BMJ 316, 1247–1248
(1998).
44. Shultis, W. A., Leary, S. D., Ness, A. R., Bain, C. J. & Emmett, P. M., ALSPAC Study
Team. Does birth weight predict childhood diet in the Avon longitudinal
study of parents and children? J. Epidemiol. Community Health 59, 955–960
(2005).
45. Perälä, M. M. et al. Body size at birth is associated with food and nutrient intake
in adulthood. PLoS ONE 7, e46139 (2012).
Kaseva et al. Nutrition and Diabetes           (2020) 10:26 Page 12 of 12
Nutrition and Diabetes
